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7KHPRGHOLVFKDUDFWHUL]HGE\WKHIROORZLQJHTXDWLRQ



8VLQJWKHIROORZLQJQRWDWLRQV
x LVWKHFXUUHQWUDGLDOSRVLWLRQLQGLVWRUWHGFRRUGLQDWHV
x DUHWKHGLVWRUWHGDQGLGHDOLPDJHFRRUGLQDWHV
x NNEHLQJGLVWRUWLRQSDUDPHWHUV
6HQVRU/LQHDULW\
7KH WRQH FXUYH LV FKDUDFWHUL]HG E\ WKH JUH\ OHYHOV DV D IXQFWLRQ RI WKH QXPEHU RI SKRWRQLF FKDUJHV
UHFHLYHG E\ WKH VHQVRU QRUPDOL]HG E\ WKH QXPEHU RI FKDUJHV QHFHVVDU\ WR VDWXUDWH WKH VHQVRU 7KLV
PHDVXUHPHQW UHTXLUHV WKH ³UHWUROLJKWLQJ FKDUW´ ZKLFK LV D WUDQVPLVVLRQ WDUJHW ZLWK D ODUJH G\QDPLF
UDQJH7KLVWDUJHWPXVWEHVHWRQDUHWUROLJKWLQJGHYLFH
7KHGHQVLW\RIHDFKWDUJHW ILOWHU LVNQRZQDQGLVXVHGWRFRPSXWHWKHUHFHLYHGQXPEHURIFKDUJHV7KH
GHQVLW\RIDILOWHUDQGWKHQXPEHURIFKDUJHVFDQEHUHODWHGE\DQRUPDOL]DWLRQFRQVWDQWFRUUHVSRQGLQJWR
WKHOXPLQDQFHRIWKHUHWUROLJKWQLQJGHYLFH7KHUHODWLYHH[SRVXUHLVWKHUDWLREHWZHHQWKHH[SRVXUHDQG
WKH VDWXUDWLRQ H[SRVXUH 7KH ,62 VWDQGDUG  GHVFULEHV SURWRFROV DQG FKDUWV WR PHDVXUH WKH WRQH
FXUYH,QWHUQDWLRQDO6WDQGDUG,62
9LJQHWWLQJ
9LJQHWWLQJLVUHVSRQVLEOHIRUDQLPDJHEHLQJGDUNHULQWKHFRUQHUV7KLVSKHQRPHQRQLV LOOXVWUDWHGLQ
)LJXUH7KHUHDUHVHYHUDOFDXVHVRIYLJQHWWLQJ7KHIROORZLQJW\SHVGLVWLQJXLVKHG6PLWK
x 1DWXUDO YLJQHWWLQJ LV LQKHUHQW WR HDFK OHQVGHVLJQ DQGEHFRPHVPRUH WURXEOHVRPH IRUZLGH
DQJOHOHQVHV,WLVDVVRFLDWHGZLWKWKHFRVODZRILOOXPLQDWLRQIDOORII
x 2SWLFDO YLJQHWWLQJ LV FDXVHG E\ WKH SK\VLFDO GLPHQVLRQV RI D PXOWLSOH HOHPHQW OHQV 5HDU
HOHPHQWV DUH VKDGHGE\ HOHPHQWV LQ IURQW RI WKHP7KH UHVXOW LV D JUDGXDO GHFUHDVH LQ OLJKW
LQWHQVLW\WRZDUGVWKHLPDJHSHULSKHU\
x 0HFKDQLFDO YLJQHWWLQJ RFFXUVZKHQ OLJKW HPDQDWLQJ IURP REMHFW SRLQWV ORFDWHG RIID[LV DUH
SDUWLDOO\EORFNHGE\H[WHUQDOREMHFWVVXFKDVWKLFNRUVWDFNHGILOWHUV«7KLVKDVWKHHIIHFWRI
FKDQJLQJ WKHHQWUDQFHSXSLODVDIXQFWLRQRIDQJOH7KHGDUNHQLQJFDQEHJUDGXDORUDEUXSW
GHSHQGLQJRQWKHOHQVDSHUWXUH
x $Q DQJOH RI LQFLGHQFH RI OLJKW UD\V WKDW LV WRR VWURQJ WRKLW WKH ERWWRPRI SKRWRQZHOOV RQ
&&'DQG&026VHQVRUV7KLVLVNQRZQDV³SL[HOYLJQHWWLQJ´

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)LJD,PDJHLOOXVWUDWLQJYLJQHWWLQJE9LJQHWWLQJPDSLOOXVWUDWLQJWKHGDUNHQLQJLQWKHFRUQHUV
5HVXOWVDQGFRPSDULVRQ
,Q WKLV VHFWLRQ WKH DQDO\VLV UHJDUGV IRFDO OHQJWK GLVWRUWLRQ YLJQHWWLQJ DQG VHQVRU OLQHDULW\ 7KXV WZR
W\SHVRIWHVWWDUJHWVGHVFULEHGLQWKHVHFWLRQKDYHEHHQXVHG
x 'RWFKDUWV
x 5HWUROLJKWLQJFKDUW
)LJXUHVKRZV WKHSLFWXUHVRI WKH WHVW WDUJHWVJLYHQE\ WKUHHUHDODQGVLPXODWHGRSWLFDOV\VWHPV ,Q WKH
RUGHU GRZQZDUG DUH LOOXVWUDWHG WKH SLFWXUHV REWDLQHG IURP63&1&ZHEFDP&00&/ VHQVRU
DQG *(&% VHQVRU )RU HDFK RI WKHVH WKUHH VHQVRUV UHDO V\VWHP RXWSXW LV ORFDWHG WR WKH OHIW DQG
VLPXODWHGV\VWHPRXWSXWLVORFDWHGWRWKHULJKW

)LJ3LFWXUHVRIWKHGRWDQGUHWUROLJKWLQJFKDUWVIRUWKHUHDOV\VWHPRQWKHOHIWDQGVLPXODWHGV\VWHPRQWKHULJKWD3KLOLSV
631&E-$,&00&/F-$,*(&%
7KH LPDJH DFTXLVLWLRQ RI WKH FKDUWV SHUIRUPHG IRU HDFK RSWLFDO V\VWHP DOORZHG WR FKDUDFWHUL]H IRFDO
OHQJWK GLVWRUWLRQ YLJQHWWLQJ DQG WRQH FXUYH 7R FRPSOHWH WKLV ZRUN WKHVH FDPHUDV KDYH WKHQ EHHQ
PRGHOOHG LQ 3UR6L9,& XVLQJ UHDO FDOLEUDWLRQ LQIRUPDWLRQ DQG WKH VLPXODWHG LPDJHV RI WKHVH FKDUWV
KDYHEHHQUHFRUGHG,QWKLVVHFWLRQIRUHDFKV\VWHPWKHFRUUHVSRQGHQFHEHWZHHQWKHUHDODQGVLPXODWHG
V\VWHPLVDQDO\]HG,QWKHIROORZLQJILJXUHVWKHUHVXOWVREWDLQHGDUHUHSUHVHQWHGDFFRUGLQJWRWKHSRVLWLRQ
RQWKHKDOIGLDJRQDOFHQWHUFRUQHURIWKHWHVWWDUJHWQDPHGWKXVUDGLDOILHOGSRVLWLRQ7KHEOXHFXUYHV
SUHVHQWWKHUHDOV\VWHPZKLOHWKHUHGGDVKHGFXUYHUHIHUVWRWKHVLPXODWHGV\VWHPUHVXOWLQJIURPWKH3UR
6L9,&VRIWZDUH7KHUHODWLYHHUURULVUHSUHVHQWHGE\WKHJUHHQFXUYH
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)RFDOOHQJWK
7KH SLFWXUH RI HDFK V\VWHP LV DQDO\]HG DQG DOORZV WR REWDLQ WKH UHDO YDOXHV RI WKH IRFDO OHQJWK
&RQVLGHULQJWKHXQFHUWDLQWLHVDJRRGFRQFRUGDQFHEHWZHHQWKHYDOXHVSURYLGHGE\WKHPDQXIDFWXUHUDQG
WKHPHDVXUHGRQHV LV REVHUYHG7KH VDPHDQDO\VLV LV GRQHRQ WKHSLFWXUHVREWDLQHG IURP WKH VLPXODWHG
VHQVRUV7KHIROORZLQJWDEOHVKRZVWKHUHVXOWVIRUWKHUHDODQGVLPXODWHGRSWLFDOV\VWHPV7KHDQDO\VLVRI
IRFDO OHQJWKRI WKHUHDODQGVLPXODWHV\VWHPVVKRZVH[FHOOHQWPDWFKLQJEHWZHHQ WKHUHDODQGVLPXODWHG
V\VWHPV
7DEOH)RFDOOHQJWKIRUUHDODQGVLPXODWHGV\VWHPVZLWKWKHLUXQFHUWDLQW\DOOYDOXHVDUHH[SUHVVHGLQPP


'LVWRUWLRQ
)LUVWWKHWZRGLVWRUWLRQFRHIILFLHQWVNDQGNRIWKHHTXDWLRQDUHGHWHUPLQHGIURPPHDVXUHPHQWVRI
D³FKHFNHUHGSDWWHUQ´XVLQJDUHDOFDPHUD7KHVHFRHIILFLHQWVDUHWKHQXVHGWRGHILQHWKHSDUDPHWHUVWREH
XVHG LQ WKH 3UR6L9,& FDPHUD PRGHO DQG WKH PHDVXUHPHQW RI GLVWRUWLRQ FXUYHV LV SHUIRUPHG RQ
VLPXODWHGDQGUHDOV\VWHPV7KHUHVXOWVRIGLVWRUWLRQPHDVXUHPHQWVDUHVXPPDUL]HGRQ)LJXUH
7DEOH'LVWRUWLRQFRHIILFLHQWVNDQGN






'LVWRUWLRQPHDVXUHPHQWLVREWDLQHGZLWKWKHIROORZLQJFRQVLGHUDWLRQV7KHSRVLWLRQRIDGRWFHQWHULQ
WKHREVHUYHGLPDJHLVDOVRNQRZQLQWKHXQGLVWRUWHGLPDJH)RUDQ\RWKHUSRLQWWKHXQGLVWRUWHGSRVLWLRQ
FDQEHLQWHUSRODWHGZLWKDKLJKGHJUHHSRO\QRPLDO

2SWLFDOV\VWHPV 3KLOLSV63&1&
:HEFDP
-$,&00&/
&DPHUD
-$,*(&%
&DPHUD
5HDOV\VWHP   
6LPXODWHGV\VWHP   
2SWLFDOV\VWHPV 3KLOLSV63&1&
:HEFDP
-$,&00&/
&DPHUD
-$,*(&%
&DPHUD
'LVWRUWLRQFRHIILFLHQWN   
'LVWRUWLRQFRHIILFLHQWN   
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
)LJ0HDVXUHGGLVWRUWLRQZLWKD3KLOLSV63&1&ZHEFDPE-$,&00&/&DPHUDF-$,&%*(&DPHUD7KH
UHODWLYHHUURUFRUUHVSRQGLQJWRWKHG3KLOLSV63&1&ZHEFDPH-$,&00&/&DPHUDI-$,*(&%&DPHUD

7KHUDWLREHWZHHQWKHGLVWDQFHRIDSRLQWWRWKHLPDJHFHQWHULQWKHREVHUYHGLPDJHDQGWKHWKHRUHWLFDO
LPDJH LV D UHODWLYH PHDVXUH RI GLVWRUWLRQ ,Q WKH ILJXUH  WKUHH JUDSKLFV D E F LOOXVWUDWH WKH UDWLR
EHWZHHQ WKH LGHDO DQG GLVWRUWHG SRVLWLRQ IRU WKH UHDO DQG VLPXODWHG V\VWHPV 7KUHH JUDSKLFV G H I
UHSUHVHQWWKHHUURUFDOFXODWHGEHWZHHQWKHWZRRSWLFDOV\VWHPVIRUHDFKVHQVRU

7KHUHODWLYHHUURUFDQEHGHVFULEHGDVIROORZV
x )RUUDGLDOILHOGSRVLWLRQYDOXHVVPDOOHUWKDQWKHUHODWLYHHUURULVYHU\ORZ
x )RUUDGLDOILHOGSRVLWLRQYDOXHVKLJKHUWKDQDOLWWOHGLIIHUHQFHDSSHDUVEXWUHPDLQVVPDOO
7KHHUURU LQFUHDVHVZLWK UDGLDO ILHOGSRVLWLRQZKLFKFRXOGKDYHEHHQH[SHFWHG UHJDUGLQJ WKH OLPLWHG
QXPEHURISRO\QRPLDOFRHIILFLHQWVXVHGIRU ILWWLQJ$WWKHHGJHRIWKHILHOGDQHUURUEHORZDSSHDUV
EHWZHHQWKHWZRV\VWHPVZKLFKLVOLNHO\WREHDQDFFHSWDEOHUHVXOW
9LJQHWWLQJ
,Q WKH ILJXUH ZH SUHVHQW WKH IDOORII SURILOH RI WKH LOOXPLQDWLRQ RQ WKUHH JUDSKLFV )LJ D7KUHH
JUDSKLFV )LJE UHSUHVHQW WKH HUURU FDOFXODWHG EHWZHHQ WKH UHDO DQG YLUWXDO RSWLFDO V\VWHPV IRU HDFK
VHQVRU$VH[KLELWHGE\WKHILJXUHWKHUHODWLYHHUURUVKRZVDQH[FHOOHQWVLPXODWLRQRIWKHYLJQHWWLQJ,Q
WKHFRUQHUVDVPDOOHUURUDSSHDUVLQWKHPRGHO7KLVHUURULVVPDOOHUWKDQ

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)LJ0HDVXUHGYLJQHWWLQJZLWKD3KLOLSV63&1&ZHEFDPE-$,&00&/&DPHUDF-$,&%*(&DPHUD7KH
UHODWLYHHUURUFRUUHVSRQGLQJWRWKHG3KLOLSV63&1&ZHEFDPH-$,&00&/&DPHUDI-$,*(&%&DPHUD
6HQVRUOLQHDULW\
7KHWRQHFXUYHLVDQRQOLQHDULW\IXQFWLRQ7KLVIXQFWLRQFKDUDFWHUL]HVWKHJUH\OHYHOLQIXQFWLRQRIWKH
H[SRVXUH ,Q WKLV FDVH WKH UHWUROLJKWLQJ FKDUW LV XVHG WKXV WKH VHQVRU LV FKDUDFWHUL]HG ZLWK ILIWHHQ
H[SRVXUHV7KHIROORZLQJFXUYHVRIWKHWRQHFXUYHDUHREWDLQHGE\DZHEFDP3KLOLSV63&1&DQGD
VHQVRU&00&/,QWKHWZRFDVHV WKHWRQHFXUYHVRIWKHVLPXODWHGV\VWHPSHUIHFWO\PDWFKZLWKWKH
WRQHFXUYHRIWKHUHDOV\VWHP



)LJ0HDVXUHGWRQHFXUYHZLWKD3KLOLSV63&1&ZHEFDPE-$,&00&/&DPHUD
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&RQFOXVLRQV
7KHWKUHHRSWLFDOV\VWHPVGHVFULEHGLQWKHVHFWLRQZHUHFKDUDFWHUL]HGDQGVLPXODWHGLQWKHVRIWZDUH
3UR6L9,&$QDQDO\VLVRIWKHYDULRXVSDUDPHWHUVPDGHLWSRVVLEOHWRTXDOLI\WKHFDPHUDPRGXOHRIWKLV
VRIWZDUH 7KLV SDSHU GHPRQVWUDWHV WKDW WKH QXPHULFDO VLPXODWLRQV SHUIRUPHG ZLWK WKH VRIWZDUH 3UR
6L9,& DFFXUDWHO\ UHSURGXFH UHDO WHVWV SHUIRUPHG ZLWK UHDO RSWLFDO VHQVRUV 7KHVH YHU\ HQFRXUDJLQJ
UHVXOWVDOORZWRUHO\ZLWKPXFKPRUHFRQILGHQFHRQ3UR6L9,&VLPXODWLRQDQGDODUJHSDUWRIWKHUHDO
WHVWVPD\VXEVHTXHQWO\EHDYRLGHGDQGUHSODFHGE\QXPHULFDOVLPXODWLRQV+HQFHIRUWKHGHYHORSPHQWRI
WKHDFWLYHVDIHW\V\VWHPVUHDOWHVWVFRXOGEHRQO\SHUIRUPHGIRUWKHILQDOYDOLGDWLRQVWHS
7KLV FKDOOHQJH KDV VKRZQ WKDW 3UR6L9,& DSSHDUV DV D YDOXDEOH VROXWLRQ IRU WKH GHYHORSPHQW RI
DFWLYH VDIHW\ V\VWHPV $W WKH VLJKW RI WKHVH UHVXOWV LW LV H[SHFWHG 3UR6L9,&ZLOO DOORZ DXWRPRWLYH
PDMRUVDQGVXSSOLHUVWRSURYLGHWRWKHLUFXVWRPHUVPRUHUHOLDEOHDQGVDIHUSURGXFWV
$FNQRZOHGJHPHQWV
7KHZRUNZDVVXSSRUWHGE\(
0RWLYH)UHQFKSURMHFW
5HIHUHQFHV

%URZQ'&'HFHQWHULQJGLVWRUWLRQRIOHQVHV3KRWRJUDPPHWULF(QJLQHHULQJ±

*UX\HU'5R\qUH&GX/DF10LFKHO*%ORVVHYLOOH-06LYLFDQG570$36,QWHUFRQQHFWHGSODWIRUPVIRUWKH
FRQFHSWLRQDQGWKHHYDOXDWLRQRIGULYLQJDVVLVWDQFHV\VWHPV3URFHHGLQJVRIWKH,76:RUOG&RQJUHVV/RQGRQ8.

*UX\HU'*ODVHU69DQKROPH%+LEORW10RQQLHU%6L9,&DYLUWXDOSODWIRUPIRU$'$6DQG3$'$6SURWRW\SLQJWHVW
DQGHYDOXDWLRQ:RUOG$XWRPRWLYH&RQJUHVV),6,7$

*UX\HU'+LEORW1'H6RX]D36DXHU+0RQQLHU%$QHZJHQHULFYLUWXDOSODWIRUPIRUFDPHUDVPRGHOLQJ6RFLpWpGHV
,QJpQLHXUVGHO
$XWRPRELOH

+LEORW1*UX\HU'%DUUHLUR-60RQQLHU%3UR6L9,&DQG52$'6DVRIWZDUHVXLWHIRUVHQVRUVVLPXODWLRQDQGYLUWXDO
SURWRW\SLQJRI$'$6'ULYLQJ6LPXODWLRQ&RQIHUHQFH(XURSH3DULV

,QWHUQDWLRQDO6WDQGDUG,623KRWRJUDSK\(OHFWURQLFVWLOOSLFWXUHFDPHUDV²0HWKRGVIRUPHDVXULQJRSWRHOHFWURQLF
FRQYHUVLRQIXQFWLRQV2(&)V

0D/&KHQ<0RRUH./$QHZDQDO\WLFDOUDGLDOGLVWRUWLRQPRGHOIRUFDPHUDFDOLEUDWLRQ&R55FV&9

1HQWZLJ06WDPPLQJHU0+DUGZDUHLQWKHORRSWHVWLQJRIFRPSXWHUYLVLRQEDVHGGULYHUDVVLVWDQFHV\VWHPV,QWHOOLJHQW
9HKLFOHV6\PSRVLXP

6PLWK:-0RGHUQRSWLFDOHQJLQHHULQJWKHGHVLJQRIRSWLFDOV\VWHPV)RXUWK(GLWLRQ0F*UDZ+LOO&RPSDQLHV
